Insects and algae demonstrate adaptability in hydroponic environments. Algae attract flies, Bradysia spp. (Diptera: Sciaridae) and Scatella stagnalis (Diptera: Ephydridae), called fungus gnats and shore fly, respectively. Flies feed on algae, damaging seedlings radicellae, and may transmit pathogens to lettuce plants. Little information on the management of flies and algae is known. A paradox in the face of the expansion of hydroponics. The objective was to evaluate the potential of hydrogen peroxide (H 2 O 2 ) as an insecticide and algaecide agent. Entomopathogenic fungi were also evaluated as an alternative control to flies. The experiment was conducted in a commercial hydroponic system under a randomized complete block design with 5 treatments and 4 replicates. The treatments, sprayed on the phenolic foam plates, immediately after lettuce seed deposition, were: H 2 O 2 , Beauveria bassiana, Metarhizium anisopliae, Spinosyn and water, as control. The quality of the lettuce seedlings (cv. Brida), the presence of flies and algae evolution in the phenolic foam plates were recorded daily. H 2 O 2 and Spinosyn affected lettuce seed germination, but were able to reduce adult flies on the phenolic foam cells. The highest number of larvae was observed with both fungi, and only water, compared to H 2 O 2 . No larvae were found in Spinosyn sprayed phenolic foam cells. However, lettuce seedlings from Spinosyn sprayed plates were those with lower fresh weight. H 2 O 2 severely retained algae infestation in phenolic foam cells over a 15-day observation period. The present work demonstrates the potential that H 2 O 2 can play as an insecticidal and algaecide agent in hydroponic environments.
Introduction
Food production with full attention to the modern demands of the market has been stimulating the vegetable productive chain in South America (Carvalho Filho & Camargo, 2017) . The search for better quality products with constant supply has led farmers to seek production systems obsessed with meeting these requirements, to obtain commercial advantages. As an example, Brazilian farmers sought to adapt to the production of organic vegetables as a way to meet the quality demanded by consumers. Public policy incentives have boosted the creation and establishment to date of this still expanding market niche (Dalcin et al., 2014) . However, the problems in maintaining the constant supply of products due to the climatic influence exerted in certain regions and seasons, besides sources of biotic stress, have been a real obstacle (Blanc & Kledal, 2012) .
other hand, pathogens, insects and algae can occur in agricultural greenhouses, demonstrating adaptability to this type of environment so simplified from the biological point of view (Lopes et al., 2000; Takikawa et al., 2015) .
Algae are commonly present in the physical structures that make up the hydroponic system such as nutrient film technique (NFT) type. Higher labor costs and the need to temporarily scale up production to meet the frequent demand for food lead eventually to disregard of basic cleaning measures. Algae compete for nutrients, water and light with vegetables (Radin et al., 2009 ). Measures that reduce luminous incidence, such as the coverage of physical structures by plastic films, have been theoretically reported as efficient for algae control (Vännen & Koskula, 1998) . However, they require higher acquisition costs, time for meticulous application and high use of labor, making it impractical.
The presence of algae attracts two species of flies adapted to the hydroponic system, Bradysia spp. (Diptera: Sciaridae) and Scatella stagnalis (Diptera: Ephydridae) known as fungus gnats and shore fly, respectively. In warm seasons, their populations increase rapidly (Keates et al., 1989) . These flies feed on algae and may inevitably damage the seedlings rootlets (Epenhuijsen et al., 2001) . The role of these flies in horizontally transmitting pathogens to plants is also proven (Keates et al., 1989; El-Hamalawi, 2008; Radin et al., 2009) . The association between algae, flies and pathogens may potentiate losses in the quantity and quality of food produced in hydroponic systems (Radin et al., 2009 ).
In view of this scenario, sanitizing agents and synthetic insecticides of wide spectrum have been used to control algae and flies, respectively, in an informal and non-technical way. The search for a multiple-use product that assists in the asepsis of physical structures and, at the same time, eliminates the infestation of flies in the hydroponic environment is urgent. The objective of this work was to evaluate the efficiency of hydrogen peroxide (H 2 O 2 ) as a sanitizing agent (for algae control) and insecticide (for fly control) in a hydroponic commercial system. H 2 O 2 has a recognized potential for causing oxidative stress in living organisms (Vännin & Koskula, 1998; Qin et al., 2011; Wojtyla et al., 2016) and is widely used as a disinfectant and sterilant (Watt et al., 2004) . The evaluation of entomopathogenic fungi to replace synthetic insecticides, in the control of fungus gnats and shore fly, was also explored as a more sustainable form of fly control (Stanghellini & El-Hamalawi, 2005) and other vector insects (Tiago et al., 2014) , in a hydroponic system.
Methods
The experiment was conducted in a commercial hydroponic system, focusing on lettuce production, located in the municipality Pires do Rio, state of Goiás (17°17′59″S, 48°16′46″W and 758 m altitude). The mean temperature was 24.5±3.5 °C and the mean relative humidity was 60±15%, both inside the greenhouse. Pires do Rio climatic type is tropical semi-humid (tropical-AW), by Köppen classification, being warm in spring and summer, and mild in autumn and winter.
The greenhouse (Hidrogood ® model) (Taboão da Serra, São Paulo state, Brazil), where the experiment was conducted, was installed with the longitudinal axis in the east-west direction to reduce the internal shading. Polypropylene arches, plastic film on the roof (150 μ, added against ultraviolet rays) and sombrite type screen on the lateral side constituted the greenhouse physical structure. The total dimensions of the greenhouse were 5 m high (right foot), 50 m wide and 100 m long.
The lettuce cultivar Brida (Hortec Tecnologia de Sementes Ltda) (Bragança Paulista, São Paulo state, Brazil) was used. This cultivar produces large and vigorous adult plants, with leaves peeled at the edges of medium green color and with brightness. The cultivar Brida is recommended for the summer season, but can be planted in other seasons of the year, either in the field or hydroponics. It possesses an excellent pattern, large number of leaves, uniform crop and is tolerant to early tossing as well as burning the edges. The cycle from germination to harvesting is 60 to 70 days. It has high resistance to Lettuce Mosaic Virus (LMV) (Potyvirus, Potyviridae), moderate resistance to septoriosis (Septoria lactucae) (Mycosphaerellaceae) and resistance to edge burning.
The area used for lettuce seed germination was composed of a germination table with 1.15 m of height of the floor, 30 m of length and 3 m of width, with capacity for 100 phenolic foam plates. The table was composed of six aluminum channels, 5 cm wide, 30 m long and spaced each 60 cm. Plastic trays (60 × 40 cm), 1 cm deep, were used to support each phenolic foam plate on the aluminum gutters. The slope of the table was 3%. Only the germination area of the greenhouse was necessary for installation and the conduct of the experiments, and there was no need to use the nursery and hydroponic growth areas.
The sowing was done with the aid of a manual seeder tray, for pelleted seeds, where only one lettuce seed per cell (2 × 2 × 2 cm in cubic size) was deposited. The phenolic foam plates contained 345 cells each. After sowing, each phenolic foam board containing the seeds was covered with a cloth moistened above the seed level to maintain humidity and shading for three consecutive days or until germination, which was observed visually daily. The plates were irrigated for five consecutive days after sowing with potable water and then with a daily nutrient solution (Bezerra Neto et al., 2010) .
After deposition of lettuce seeds on the phenolic foam plates, therefore, before the germination, the treatments were sprayed and constituted by hydrogen peroxide (H 2 O 2 ) (T1), Beauveria bassiana (T2), Metarhizium anisopliae (T3), Spinosyn (T4) and water as a control (T5). Two liters of H 2 O 2 were used for 100 liters of water and then the solution pH was adjusted (for pH 6.5) with phosphoric acid (10 mL/100 L). The dose of B. bassiana was 50 g/20 L of water, while for M. anisopliae 17 g/20 L of water. The insecticide Spinosyn was applied in the dose of 10 mL/1 L of water. The doses were adjusted to a 2 L container where the phenolic foam plates containing the lettuce seeds were manually sprayed, only once. Each phenolic foam plate received one liter of solution, respecting the treatments.
The experiment followed a randomized complete block design, with five treatments and four replicates. On the fourth day after sowing, lettuce seed germination was started, which lasted 15 days in succession (time required by the cultivar for transplanting) and at similar daily schedules (17:00 hours). The number of adult flies landed on the plates was visually recorded daily from the germination of the seeds. At that time, there was no distinction between the two species of adult flies because of their apparent visual similarity.
Soon after the 15 th day, all four phenolic foam plates (replicates), by treatment, containing lettuce seedlings, were transferred to a laboratory located at the Instituto Federal Goiano, Urutaí Campus (Urutaí, Goiás, Brazil), where the number of larvae present per plate was recorded. At the time, all 345 cells per plate were individually separated and cut with a hand-styled pen into 10 cross-sections of equal size to observe the presence of fungus gnats and shore fly larvae. In this stage differentiation between the two species of flies occurred due to the easily detectable morphological differences. Despite the destructive analyzes, lettuce seedlings present in each cell were preserved to quantify immediately their fresh weight (mg). The evolution (in days) of the incidence of algae in the cells of the phenolic foam plates was counted from the deposition of lettuce seeds on the cells. A scale with five different grades was suggested to diagnose the presence (or not) of algae as well as their quantity. For this, a ranking of 0, 25, 50, 75 and 100% of the cells with presence of algae was used.
The comparison between treatments for the lettuce seeds accumulated germination was performed through regression figures, considering the time interval as an important information measure on the germination dynamics in vegetables (Ranal & Santana, 2006) . In this case, the best fit model was the sigmoid type (y = a/{1 + exp[-(x -x 0 )/b]}). Several regression models were previously compared through their visual behavior and additionally through the R 2 values obtained by the SigmaPlot ® software version 11 (Systat Software Inc). The same procedure was performed for the independent variable adult flies landed on the plates. In this case, the regression of the exponential type (Stirling model) (y = y 0 + a·[exp(b·x) -1]/b) was the one that presented the best fit for representing the treatments.
Data regarding the number of larvae present on the plates followed normal distribution and, therefore, an analysis of variance was performed to diagnose the existence of difference (or not) between treatments. After this previous diagnosis, the means of the treatments were compared to each other through the Tukey's test at 5% probability. The same procedure was performed in the independent variable seedling fresh weight.
To compare the evolution of algae infestation in the phenolic foam plates, as a function of the treatments, a visual analysis was presented graphically through mean infestation (%) per treatment as a function of days after sowing. As the evolution data of algae infestation did not follow a normal distribution, the Kruskal-Wallis non-parametric test was used. In this case, we verified if at least one sample stochastically dominated another sample, that is, if there was a difference between treatments. The evolution of algae in an illustrative manner was maintained to facilitate the visualization of the differences between treatments (and throughout the evaluation days), since the Kruskal-Wallis test does not identify where stochastic dominance occurs or for how many pairs of groups such dominance is obtained.
Results
The percentage of lettuce seeds germinated, during the time interval, was influenced by the treatments (Figure 1 ). Sigmoidal regression models described with better adjustments the daily seed germination behavior, as a function of the treatments (Figure 1) . The number of shore fly larvae (P = 0.03) and fungus gnats (P = 0.04) present inside the cells of the phenolic foam plates varied according to the treatments evaluated (Figure 3) . The B. bassiana treatment was the one where the largest number of shore fly larvae was observed (mean of 304.00±18.00 larvae per plate) followed by treatments the M. anisopliae (248.00±17.20 larvae), water (200.00±20.00 larvae) and H 2 O 2 (72.00±14.00 larvae) (Figure 3 ). The treatment that provided the largest amount of fungus gnats larvae was the one where the plates were sprayed with M. anisopliae (298.00±22.00 larvae), followed by water (284.00±17.20 larvae), B. bassiana (132.00±14.00 larvae) and H 2 O 2 (24.00±4.00 larvae) (Figure 3 ). For both species of flies, no larva was found when phenolic foam plates were sprayed with Spinosyn ( Figure 3 ). The use of the scale of notes for the incidence of algae in cells of phenolic foams has been shown to be useful for observing the evolution of infestation over time ( Figure 5A ). In all treatments, there was an increase in the presence of algae in the phenolic foam cells over time, with initial values starting from 0% (1 st day after sowing) to 100% (15 th day after sowing). (Figure 5C associated with algae incidence (Keates et al., 1989; Vänninen & Koskula, 1998) . These results indicate the potential of H 2 O 2 as a control agent for these flies, as well as algae in hydroponic lettuce production systems.
Despite the advantages described above, H 2 O 2 interfered with the germination of lettuce seeds. Cucumber seedlings showed lower growth immediately after exposure to higher doses of hydrogen peroxide (125 ppm) but recovered from phytotoxicity days later (Vänninen & Koskula, 1998) . The concentration used and the phenological stage of the plant at the time of exposure may unexpectedly modify the status of H 2 O 2 as a molecule toxic (or not) to vegetables (Wojtyla et al., 2016) . Oxygenated compounds are highly reactive molecules with oxidative potential, which makes them capable of interacting with various biomolecules present in plant seeds (including nucleic acids, proteins and lipids) (Wojtyla et al., 2016) . Thus, lettuce seeds exposed to H 2 O 2 may have suffered cell damage due to oxidative stress. The actual effects of hydrogen peroxide on plant physiology have been the subject of debate in the last decades, with results indicating benefits of this molecule by increasing resistance against sources of abiotic stress (e.g., saline stress) (Niu & Liao, 2016) . To further elucidate the effect of H 2 O 2 exposure on germination in lettuce seeds, a work focused on the dilution of this molecule through dose-response investigations is under way.
The negative interference of the Spinosyn insecticide under lettuce (mainly on seed germination and fresh weight of seedlings) proves that insecticides can affect the development of non-target organisms, including vegetables (DeLorenzo et al., 2001 ). This justification also applies to the fact that this insecticide has retarded the growth of algae in the phenolic foam plates over time. The exposure time (immediately after sowing) may have potentiated its toxic effect, as observed by Shakir et al. (2015) in tomato seeds. This demonstrates the seed sensitivity to insecticide exposure. On the other hand, the dry weight of the flowers, peduncles, leaves and roots of Gerbera jamesonii (Asteraceae) exposed to Spinosyn (concentrations of 1× and 4× more than that recommended) were not affected when the insecticide was applied to the seedlings (Spiers et al. 2006) . Shakir et al. (2015) also observed that low concentrations of insecticides stimulated the germination of tomato seeds, while high doses acted as inhibitors. Thus, due to the complexity of factors potentially capable of interfering with the germination of lettuce seeds, we suggest that applications of insecticides to control insect pests in hydroponic systems should be avoided in the initial stages (such as seeds). Infestations by fungus gnats and shore fly are associated with the presence of algae (Keates et al., 1989) . Therefore, as the presence of algae on the plates started from the 8 th day after sowing, perhaps this would be a safer period for the application of insecticides in a preventive way for control purposes of the flies, reducing the risk of side-effects to the seeds.
The spinosyn insecticide, derived from secondary metabolites synthesized by soil actinomycetes, is approved for use in organic systems of agricultural production to control thrips, Lepidoptera and flies (Weintraub et al., 2017) . However, it has been defined as broad-spectrum because its site of action is the insect nervous system (Salgado et al., 1998) . Biopesticides that act as insect growth regulators have been more specific and therefore, widely used in greenhouses (Weintraub et al., 2017) . This may prevent the negative effect of insecticides on non-target organisms, be they invertebrates or plants. Populations of natural enemies may be present in natural hydroponic systems (Vännen & Koskula, 1998) or through artificial releases (Gerson & Weintraub, 2007) , which emphasizes the real need to use more selective insecticides.
The two entomopathogenic fungi evaluated were innocuous to seed germination and lettuce seedlings fresh weight. However, they were not efficient in controlling both adult and larval fly species, nor to control algal evolution in phenolic foams. Similar results were observed by Andreadis et al. (2016) . According to these authors, B. bassiana (GHA strain) showed no interference in the production of the champignon-type mushroom Agaricus bisporus (Agaricaceae), nor in the control of fungus gnats in the larval and adult stages. In contrast to our results and those described by Andreadis et al. (2016) , Stanghellini and El-Hamalawi (2005) observed high mortality of shore fly larvae and adults exposed to Beauveria bassiana. In this case, the authors identified and isolated a strain previously found in adult shore fly corpses. (1) Simplification of the environment where this assay was conducted (exposure of insects kept in Petri dishes) and (2) prior selection of a highly virulent B. bassiana strain may have influenced the high mortality found.
Despite the lack of efficiency for fungus gnats and shore fly observed, the microbiological control of pests present in hydroponic systems can generate many new perspectives, such as the substitution of insecticide usage. Other insect groups, such as thrips and aphids, presented greater susceptibility to B. bassiana and M. anisopliae (Fournier & Brodeur, 2000; Lopes et al., 2000) . Metarhizium anisopliae (isolate 1104) demonstrated an efficiency of 60%, six days after the first spray, on Frankliniella occidentalis (Thysanoptera: Thripidae) in hydroponic system trials (Lopes et al., 2000) . The simultaneous use of H 2 O 2 (our most efficient treatment) and entomopathogenic fungi, in hydroponic systems, can become a reality when it comes to pest insect control. Zhang et al. (2016) demonstrated that H 2 O 2 can increase the production of mycotoxins and, therefore, the virulence in B. bassiana, due to the stimulus triggered by oxidative stress. This suggests the existence of a possible compatibility between the treatments evaluated in the present work. However, the effect of this probable synergy needs to be suitably tested in the management of fungus gnats and shore flies.
Problems with the presence of algae and, consequently, disturbances in fly populations can be drastically controlled if all recommended hygiene procedures are practiced (Epenhuijsen et al., 2001 ). However, this premise is difficult to implement in commercial hydroponic systems, due to the expense of labor required and frequent production overlapping. This requires the need to use products with various biological functions (such as disinfection and pesticide). The present work demonstrated the potential that H 2 O 2 can play in hydroponic systems as a sanitizing and controlling agent for fungus gnats and shore flies. These insects are commonly present in the phenolic foams used as substrate for germination of lettuce seeds. Possible future problems can also be addressed with routine use of H 2 O 2 , since flies are horizontal transmitters of plant pathogens (El-Hamalawi, 2008) and by the fact that investigations demonstrated the antifungal action of hydrogen peroxide (Qin et al., 2011) .
Conclusions
H 2 O 2 and Spinosyn affected lettuce seed germination, but were able to reduce the presence of adult flies on the phenolic foam cells. The highest number of larvae flies was observed with both fungi, and only water, compared to H 2 O 2 . No larvae were found in Spinosyn-sprayed phenolic foam cells. However, the lettuce seedlings from Spinosyn sprayed plates were those with lower fresh weight. H 2 O 2 severely retained algae infestation in phenolic foam cells over a 15-day observation period.
